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Abstract 
The research found on ladder safety indicated broad recognition of the hazards of using 
ladders, especially in the construction industries. OSHA regulations, as well as general guidance 
on ladder safety point to training workers on ladder usage techniques as being one of the most 
useful means of reducing risk of falling. However, no studies could be found directly 
investigating different techniques for ascending and descending ladders. In order to study and 
compare techniques, this project was initiated to establish a taxonomy of techniques for climbing 
and descending ladders Six patterns were hypothesized. A secondary purpose was to compare the 
patterns in terms of safety. Both purposes were addressed by observing untrained students 
performing ladder climbing in a laboratory environment. 
The project was an observational study in which all participants performed each of four 
tasks. Tasks 1 and 2 involved ascending and descending an extension ladder set at a 75-degree 
incline. Task 3 and 4 involved ascending and descending a fixed, straight vertical ladder. The 
participants were occupational safety and health students and civil engineering students. The 
rationale was that students majoring in these two field are likely to use and possibly oversee 
ladder climbing activities by others during their careers. 
The participants were videotaped while climbing and descending the ladders. A 
commercial program called Observer XT 11 was used to process the observations from the 
videos. The first five seconds of the ascent were included in each video, starting once both feet 
were off the floor. The last five seconds of the descent were included. The software was 
programmed to pause every half second. Once the video was paused, the 40 observations of each 
participant were analyzed to determine (a) how many points of contact the participant had at that 
moment and (b) how many points of control the participant had at that moment. A pattern was 
also identified from the order of limb movements used by participants as they ascended or 
descended the ladder.  
The observed data were first analyzed to determine if the data showed a statistical 
association between the observed pattern and: (a) the number of points of contact, and (b) the 
number of points of control. For the second analysis, the Kruskal-Wallis Test was used to 
determine if the different patterns differed in terms of safety using as a measure the percentage of 
observations showing three and four points of control.  
 The six-pattern taxonomy developed prior to the study accounted for 68 of the 80 
observations. The 12 unaccounted patterns were subjects who slid their hands up or down the 
rails with no noticeable pattern. This was named Pattern 7. The Chi-square test for independence 
indicated that the patterns were independent. The second analysis, using the Kruskal-Wallis Test 
to compare mean ranks, did not provide definitive conclusions that some patterns were 
associated with better safety performance than others. 
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1. Introduction 
Background information about ladder safety begins with documenting numerous injuries 
and fatalities resulting from occupational falls from ladders, a summaries regulations and 
common guidance on safe ladder use, and reviews of prior laboratory and epidemiological 
research on ladder safety. The last section of this Introduction identifies the main gap in research 
addressed in this thesis—lack of science-based information on how untrained people climb a 
ladder.  
1.1. Occupational Falls from Ladders 
Injuries and fatalities resulting from ladder falls occur in all industrial sectors as indicated 
by record systems maintained by the U.S. Bureau of Labor Statistic (BLS). The most valuable 
record system for occupational fatalities is known as the Census of Fatal Occupational Injuries 
(CFOI) (BLS, 2019a). To document the significance of ladder safety, selected data from the 
CFOI is presented below. 
The BLS staff did an analysis of CFOI records for the years 2011 through 2016. It 
examined cases of occupational fatal falls. Results were published on several BLS websites (BLS 
2018; BLS 2019a; BLS, 2019b; BLS, 2019c). For all industrial sectors, they reported finding an 
increasing trend during the six years in occupational fatal falls to lower level—from 553 to 697 
per year (BLS, 2018). The six-year increase computes to 26 percent. The increase in fatal falls 
mostly happened in the private construction industry. The number of fatal falls in the 
construction industry increased from 255 to 370 fatalities per year between 2011 and 2016 (BLS, 
2018).  
During that 2011–2016 span, the most common “source” of a fatal fall was a ladder 
(BLS, 2019b). During those six years, there were 836 fatal injuries reported as falling from a 
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ladder (BLS, 2019b). The BLS staff examined the case reports to determine how far each worker 
fell. Not all case reports included information on the fall distance. For those reports containing 
data on distance of the fall, the distribution is presented in Figure 1. It indicates the number of 
fatal falls from ladders according to the height ranges. The most common height range of fatal 
falls was from 6 to10 ft. above the lower surface. From that height range, 174 fatal injuries 
occurred (BLS, 2019b). The report did not identify whether the ladders were step ladders, 
extension ladders, or straight ladders.  
 
 
Figure 1: Fatal falls from ladders by fall distance 2011 through 2016 
 
More recent BLS data on fatal falls is from the year 2017 (BLS, 2019b). Figure 2 
presents the number of occupational fatalities according to “event” code. The event category 
“falls, slips, trips” had a total of 887 fatalities. The only event category with more occupational 
fatalities was “transportation incidents” with 2,077 fatalities.  
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Figure 2: Fatal occupational injuries by major event 2017 
 
The event category “falls, slips, trips” accounted for the second most occupational 
fatalities in 2017. The category includes two subcategories. One category for falls to lower 
level had 713 of the fatalities. The other category for falls to same level or other had 174 fatal 
falls.  The 713 fatal falls to lower level events in 2017 were classified down into height of 
falls. Table I lists the distribution of fall heights (BLS, 2019c). For all the fall data, the most 
common heights that people fell from were 11 to 15 ft. and more than 30 ft. This distribution is 
quite different from that for ladder falls depicted in Figure 1. The most apparent explanation is 
the difference in exposure. Although lacking specific data, common observations of 
construction sites indicates that a large portion of ladder exposures occur in the height ranges 6 
to 10 ft., 11 to 15 ft., and 16 to 20 ft. Therefore, one may expect those ranges to have the most 
fatal falls.  
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Table I. Fatal Falls to a Lower Level by Fall Distance in 2017 
 
Height of Fall (ft) Count  Percent  
Unspecified  99 14 
Less than 6 83 12 
6 to 10 92 13 
11 to 15 122 17 
16 to 20 90 13 
21 to 25 57 8 
26 to 30 47 7 
More than 30  123 17 
Total 713 100 
 
  
1.2. Ladder Regulations and Standards 
Ascending and descending ladders is recognized as a hazardous task. Because of that, the 
U.S Occupational Safety and Health Administration (OSHA) and other agencies have regulations 
that must be followed while using a ladder so that workers can perform the task safely. OSHA 
regulations are found in the U.S. Code of Federal Regulations (CFR) under labor regulations in 
Volume 29. The Mine Safety and Health Administration regulations are found in regulation 29 
CFR 30, Parts 56–57, Subpart J. The OSHA regulations are separated into those for general 
industry (29 CFR 1910) and for construction industries (29 CFR 1926). The regulations for the 
construction industry include Subpart M, numbered 1053, on ladders (U.S. Department of Labor, 
n.d.).   
The physical conditions of ladders have requirements found in regulation 29 CFR 
1926.1053(a)(3)(i). This regulation provides that the rungs, cleats, and steps of portable ladders 
(except as provided below) and fixed ladders (including individual-rung/step ladders) shall be 
spaced not less than 10 inches (25 cm) apart, nor more than 14 inches (36 cm) apart, as measured 
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between center lines of the rungs, cleats, and steps. This distance is important so that each step 
that somebody is taking while climbing a ladder is even. Regulation 29 CFR 1926.1053(a)(4)(ii) 
provides that the minimum clear distance between side rails for all portable ladders shall be 11 
1/2 inches (29 cm). Also, regulation 29 CFR 1926.1053(a)(6)(i) provides that the rungs and steps 
of fixed metal ladders manufactured after March 15, 1991, shall be corrugated, knurled, dimpled, 
coated with skid-resistant material, or otherwise treated to minimize slipping. 
The length of ladders has requirements found in regulation 29 CFR 1926.1053(a)(19). 
Where the total length of a climb equals or exceeds 24 feet (7.3 m), fixed ladders shall be 
equipped with one of the following: ladder safety devices; or self-retracting lifelines, and rest 
platforms at intervals not to exceed 150 feet (45.7 m); or a cage or well, and multiple ladder 
sections, each ladder section not to exceed 50 feet (15.2 m) in length. Ladder sections shall be 
offset from adjacent sections, and landing platforms shall be provided at maximum intervals of 
50 feet (15.2 m). Regulation 29 CFR 1926.1053(b)(1) provides that when portable ladders are 
used for access to an upper landing surface, the ladder side rails shall extend at least 3 feet (0.9 
m) above the upper landing surface to which the ladder is used to gain access; or, when such an 
extension is not possible because of the ladder's length, then the ladder shall be secured at its top 
to a rigid support that will not deflect, and a grasping device, such as a grab rail, shall be 
provided to assist employees in mounting and dismounting the ladder. In no case shall the 
extension be such that ladder deflection under a load would, by itself, cause the ladder to slip off 
its support.  
The maintenance and usage practices of ladders have requirements. Regulation 29 CFR 
1926.1053(b)(2) provides that “ladders shall be maintained free of oil, grease, and other slipping 
hazards.” Checking for slip hazards is a part of the inspection that should be done before the 
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ladder gets used. Regulation 29 CFR 1926.1053(b)(4) provides that ladders shall be used only for 
the purpose for which they were designed, and regulation 29 CFR 1926.1053(b)(5)(i) specifies 
that non-self-supporting ladders shall be used at an angle such that the horizontal distance from 
the top support to the foot of the ladder is approximately one-quarter of the working length of the 
ladder (the distance along the ladder between the foot and the top support). Regulation 29 CFR 
1926.1053(b)(8) states that “ladders placed in any location where they can be displaced by 
workplace activities or traffic, such as in passageways, doorways, or driveways, shall be secured 
to prevent accidental displacement, or a barricade shall be used to keep the activities or traffic 
away from the ladder.” Provisions about the structure of ladders include regulation CFR 
1926.1053(b)(11) which states “ladders shall not be moved, shifted, or extended while occupied, 
and regulation CFR 1926.1053(b)(15) states “ladders shall be inspected by a competent person 
for visible defects on a periodic basis and after any occurrence that could affect their safe use.”  
There are two requirements applicable to employees who use a ladder. Regulation 29 
CFR 1926.1053(b)(22) states “an employee shall not carry any object or load that could cause 
the employee to lose balance and fall, and regulation 29 CFR 1926.1053(b)(21) states that “each 
employee shall use at least one hand to grasp the ladder when progressing up and/or down the 
ladder.” This requirement to use at least one hand “to grasp the ladder” is very open ended. It 
appears to allow grasping a rung or a side rail. It does not specify the techniques for climbing 
such as the traditional advice to use at least three points of contact while climbing and while 
descending (Ellis, 2011). The provision does not address working from a ladder, such as advice 
to keep both feet on a rung (Ellis, 2011).  
The general industry regulations in CFR 1910 and the construction industry regulations 
(CFR 1926) address inspection of ladders, setting up a ladder, using a ladder, and all of the 
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spacing requirements for certain aspects of the ladder like the rungs, railing, and distance the foot 
of the ladder and the surface on which the ladder is leaning.  
1.3. General Advice on Safe Ladder Usage Practices 
The large number of ladder-related injuries and fatalities have led to several rules and 
guidelines for safely using ladders. Although these rules and guidelines may not have been 
experimentally tested for efficacy, they represent a body of collective wisdom built on a long 
history of unfortunate experiences with ladders. This section summarizes many of the most 
widely recognized rules and guidelines.  
1.3.1. Inspection 
Before using the ladder, it is important to inspect it. If the ladder is damaged at all, it 
must be taken out of service and tagged with a notice to not use (Occupational Safety and Health 
Administration, n.d.). Common forms of damage are broken rungs, loose connections between 
rungs and rails, and damage to rails.  
1.3.2. Portable Ladder Setup 
When placing a portable ladder, it is important to make sure that it is not on an uneven 
surface as that could cause the ladder to tip while someone is using it (Occupational Safety and 
Health Administration, n.d.). Also, when setting up the ladder it should be at a certain angle. The 
desired angle can be achieved by place its base a quarter of the working length of the ladder from 
the wall or vertical surface it is leaning on. This rule came from a paper by Hepburn (1958) 
describing forces on a ladder at the base and where it contacts a wall. A ladder set this way will 
be at an angle with a cosine of 0.25. The angle may be computed from geometry as cos−1(¼) 
which equals 75.52 degrees. 
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When setting up an extension ladder, the locks should also be locked before it is used. 
This guideline refers to the connection between the base part and the upper part called the fly 
(Occupational Safety and Health Administration, n.d.). Once set up with locks set, the weight of 
the fly will keep the locks in place.  
Portable ladders should be set up so there is room for feet to contact the rungs with the 
middle of their sole. To provide space for the toes. This can be an issue if the ladder does not 
have clear space behind it all the way from the base to the top. Fixed ladders built into walls also 
need to have space for toes. The OSHA rule requires at least 7 inches of toe clearance between 
the center of a rung and the wall (Occupational Safety and Health Administration, n.d.).  
1.3.3. Training 
Employers have a duty to train employees on the hazards involved in the work, and on 
applicable safe practices. For employees who will be exposed to work in certain elevated 
locations, employers are required to provide training on safety procedures. Training on fall 
protection is required by both OSHA and also the Mining Safety and Health Administration 
(MSHA). These regulations do not specify the details of the training.  
Some often repeated instructions on safe ladder usage include the following. 
 Read and follow all of the labels and markings that are on the ladder.  
 Always face the ladder. 
 Stay centered on the ladder, or keep your belly button (or belt buckle) between the 
side rails. 
 Do not carry items in a hand because both hands are needed to climb safely. 
 Use a non-conducting portable ladder if there is an electric line nearby. 
(Occupational Safety and Health Administration, n.d.) 
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A traditional instruction for ladder climbing training is to use three points of contact at all 
times (Ellis, 2012a). That instruction requires having either two hands and a foot or two feet and 
a hand in contact with the ladder. To keep three points of contact the person using the ladder 
cannot carry anything in their hands. This traditional instruction has recently been changed as a 
result of research. If, while using a ladder, there are times when one foot is in motion while the 
other is in contact with a rung. If that foot slips, the climber will need to rely on hand gripping to 
avoid falling. In a peer-reviewed paper and a book on fall protection, Ellis (2012a, 2012b) 
explains that using one or both rails would qualify as a point of contact, but not control. In order 
to maintain three points of control, the climber needs to use his/her hands to grip the rungs. In his 
comprehensive book Introduction to Fall Protection, 4th Edition, Nigel Ellis lists three rules to 
always follow while climbing a ladder.  
1. Use a three-point stance (three limbs on the ladder, only the fourth limb moves.) 
2. Keep belt buckle (or belly button) centered between the side rails.  
3. Always hold the rungs, never hold the side rails.  
These rules make a few assumptions which include sufficient toe space, stable footing on 
the portable ladder, and securing the top of the portable ladder. For fixed ladders installed on 
walls, the toe space should be at least seven inches. Portable extension ladders must be leaned 
against a surface, which can cause limited toe space close to the point of contact. Fixed ladders 
can have obstructions like pipes that can get in the way of the climber (Ellis, 2012a).  
1.4. Research on Ladder Safety 
A search of literature identified three different types of research: (1) experiments 
conducted in laboratories, (2) victim interviews, (3) intervention studies conducted with 
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construction companies. Retrospective analyses of injury and fatality data, such as reported in 
Section 1.1, may be considered a fourth type of research.  
1.4.1. Laboratory Studies 
Results of laboratory research led to the change in recommended ladder usage from 
maintaining three points of contact to three points of control. The rationale came from an 
experiment by a team at the University of Michigan, addressing grip strength needs while using 
ladders (Young, Wooley, Armstrong, et al. 2009) followed by a similar experiment in which 
subjects wore gloves (Young, Wooley, Ashton-Miller, et al. 2013). In particular, the studies 
examined abilities to hold onto a round bar similar to a common rung in both shape and 
diameter. This approach to measuring grip strength was motivated by the concept that during 
climbing a ladder, while one foot is moving, the other foot might slip off the rung. In that instant, 
the only hope to avoid falling is for at least one hand to be able to avoid breaking away from 
whatever it is contacting.  
The performance variable of interest in both experiments was breakaway strength, 
defined as “the amount of force that can be exerted on a grasped object before it slips free or is 
pulled from the grasp of the hand.”  
The first experiment had a gender balanced 12 participants from the undergraduate 
population perform three breakaway strength tests repeated three times with each hand. All tests 
involved gripping an object located directly above the shoulder of the hand being tested. The 
object was (a) a 25 mm diameter cylindrical bar oriented horizontally, (b) the same bar oriented 
vertically, and (c) a rectangular shaped steel plate similar in size to a ladder rail, 64 mm by 10 
mm cross section. The apparatus enabled increasing the required load until the subject’s hand let 
go. Key findings were that the breakaway strength differed in each test condition, with the 
11 
horizontal bar showing greatest strength, followed by the vertical bar, which in turn showing 
more strength than the rectangular rod. The investigators also examined the relation between the 
individual’s breakaway strength and their body weight using a ratio of breakaway grip strength 
to body weight. A ratio value greater than one is needed to hold one’s weight. This analysis 
provided an indication of the individual’s ability to support their body weight with one hand, 
similar to a ladder user trying to prevent a fall with a one-hand grip on a rung. This finding 
indicated that the ratio was only greater than one for the horizontal bar test. The findings of this 
experiment provided a scientific basis for changing the climbing guideline from three points of 
contact to three points of control (Ellis, 2012a).  
An experiment on friction required in ladder climbing was reported by Martin, Pliner, 
and Beschorner (2018). They determined the friction required at the foot-rung interface in order 
to prevent slipping. They compared ladders at three angles to the horizontal: 90, 82.75, and 75.5 
degrees. Using four female students as subjects, they found the required coefficient of friction 
was greatest for the 90° ladder (0.150) and it decreased as with ladder angle decreased to 82.75° 
(0.129) and to 75.5° (0.098). Their findings were consistent with an earlier experiment by 
Bloswick and Chaffin (1990). 
Another experiment on ladder climbing addressed body movements in climbing a ladder 
(Dewar, 1977). Two body actions were identified, the first being displacement and rotation of the 
pelvic girdle and trunk, and the second being the rotation of the knee and hip joints. The 
movements came from records of a laboratory experiment where 35 male subjects climbed a 
ladder set at two angles, 70.4 and 75.2 degrees with the horizontal. A comparison was then made 
with the actions of the walking stride. From this experiment, Dewar had two main conclusions. 
The first was that the steeper ladder angle required more gripping force to keeping the body in 
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balance while climbing the ladder. The second conclusion was that walking movement patterns 
differed between the taller and the shorter subjects—the implication is that climbing a standard 
sized ladder requires least adjustment for individuals in the middle range of stature, while people 
in the taller and shorter ranges need to make more deviation from their normal movement 
pattern. Dewar suggested that being in the taller or shorter range of the population may be a 
personal risk factor for falling from a ladder (Dewar, 1977).  
An experiment reported by Barnett and Poczynok (2000) examined ability to exert a grip 
force on a metal bar similar in shape to a ladder. Their experiment has 14 subjects put their hands 
on a table, facing up, with the metal bar lying on the hands in a hook grip. A device pulled the 
bar laterally during which time the subject tried to use grip strength to stop the movement. From 
measurements of grip force and body weight, the authors calculated how far the person would 
fall if both feet lost contact with a rung. For example, a subject weighing 155 pounds would fall 
2.4 feet. According to the calculations, some subjects could not arrest their falls due to 
insufficient grip strength. In addition to testing with bare hands, the subjects were tested with 
several types of gloves with wide variation in friction properties (Barnett and Poczynok, 2000). 
1.4.2. Victim Interview Studies 
A victim interview study was reported by Axelsson and Carter (1995). They interviewed 
85 ladder accident victims. They were looking for information contributing to their accidents. 
The accidents were almost equally divided between straight ladders (N=39) and step ladders 
(N=33). Most of the accidents happened while the victim was working on the ladder. For the 
straight ladder victims, sliding at the base of the ladder was the most common event causing 
injury. The low angle of inclination was also a contributing factor. For the step ladder victims, 
miss-stepping the final step while descending accounted for 10% of all the accidents. Ninety 
13 
percent of the victims fell from four meters or less. From these interviews, the researchers 
provided information which served as a basis for suggesting alternatives to portable ladders. 
Some of those alternatives included a step-scaffold adjustable for work at levels up to three 
meters. They also proposed using a portable scaffold for work at levels of one to three meters.   
1.4.3. Intervention Studies of Residential Construction 
Multiple intervention projects involving home building have been reported showing 
positive effects of safety education and training. A study of carpenter apprentice training 
involved improving training by initially conducting a needs assessment and gap analysis 
(Evanoff, Dale, Zeringue, et al. 2016). Based on information obtained from the carpenters, needs 
and gaps were identified. A commonly mentioned gap was that quite often, a new employee had 
already worked in an elevated place before they received fall protection training. Another was 
that training in a classroom setting was not regarded as being effective. A training program was 
developed to address the two gaps. Numerous construction companies were invited to participate 
in an intervention project to demonstrate how fall protection and ladder use should be done. The 
companies that participated agreed to implement a practice to assure new carpenters and 
apprentices received fall protection training before being exposed to work at elevation, and they 
arranged for the training to take place in a setting with a partially completed home structure in 
the training facility. Effects of the revised training program were based on pre- and post-surveys 
and audits of worksite practices. Significant improvements were found in knowledge, crew 
safety behavior, safety climate, and risk perception. Worksite practices emphasized in the new 
training increased from the before to after intervention by 10.6 percent. The worksite audits 
showed improvements in all areas, but fall protection was inconsistently practiced on many site 
visits. 
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The second project involving carpenters was reported by Gilkey, Hautaluoma, Ahmed, et 
al. (2003). They identified home-building companies that volunteered to participate in an audit 
program called HomeSafe. The program used an 87-item audit tool for assessing safety in a 
single home construction project. Audits of 41 companies that were audited before participating 
and after 2.5 years later found improved audit scores, increasing from 71.8 to 76.8. Both studies 
demonstrated techniques for measuring safety in home building projects using audits that 
included ladder usage, fall protection, and several other observable practices. 
1.5. Purpose and Specific Aim of This Project 
The research found on ladder safety indicated broad recognition of the hazards 
encountered while using ladder, especially in the construction industries. OSHA regulations, as 
well as general guidance point to training as an important method for reducing the risks, but no 
studies could be found that directly investigated and compared different techniques for ascending 
and descending ladders. What are the different ways to use a ladder? How do these techniques 
differ in terms of safety? In order to develop studies to answer these questions, a first step is to 
understand how untrained people use ladders. Through logical reasoning, six patterns were 
identified, and they are depicted in Figure 3. From left to right, the pattern starts once the 
person’s feet are off the floor. The first movement can be either a hand or one of the feet. These 
patterns are described as the hypothesized taxonomy of ladder usage techniques. 
This project was undertaken to determine if the hypothesized six-pattern taxonomy of 
different ladder usage techniques is complete. A secondary purpose was to compare the patterns 
in terms of safety. Both purposes were addressed by observing untrained students performing 
ladder climbing in a laboratory environment. The expectation was that findings would provide a 
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foundation for future studies addressing ladder usage techniques and methods for training the 
safest techniques. 
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Figure 3: Hypothesized ladder usage patterns 
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2. Methods 
A research plan was developed. The plan was incorporated into an application for 
approval by the University of Montana Institutional Review Board, resulting tin approval 
number 212-18. Below are descriptions of the methods involved in recruiting subjects for the 
experiment, running the subjects through the experiment, gathering the data, organizing the data, 
and analyzing the data.   
2.1. Experimental Approach 
The project was an observational study in which all participants performed each of four 
tasks. Tasks 1 and 2 involved ascending and descending an extension ladder set at a 75-degree 
incline. Task 3 and Task 4 involved ascending and descending a fixed, straight vertical ladder.  
The four cells within the two-by-two matrix in Figure 3 define the four tasks. 
Extension 
Ladder
Fixed Ladder Task 4
Task 2Task 1
Task 3
Ascend Descend
v 
Figure 4: Summary of the four tasks performed by each subject 
 
Because the four tasks were performed by every subject, the experimental plan was to 
limit possible effects of task order. This was done by alternating the starting task of subjects 
between Tasks 1 and 3. It was not feasible to alternate between ascending and descending 
because participants always started on the floor of the lab. 
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2.2. Participants 
The participants for this experiment were occupational safety and health students and 
civil engineering students. An initial decision to use students taking OSH courses was because 
these individuals were likely to find careers in industries involving frequent ladder climbing 
along with concerns about and ladder safety. Therefore, students were recruited from the Safety 
Lab class (OSH 326), and the Construction Safety class (OSH 324).  
A recruitment Power Point® presentation was delivered to the students. The presentation 
contained the purpose of the experiment, what the participants were going to do, and what type 
of compensation that they would receive if they participated. The compensation options were to 
get extra credit for the class they were in or ten dollars. Some participants took the extra credit, 
and some took the money. Twenty students signed up for participation—seventeen males and 
three females.   
The sampling plan was developed to provide subjects who would be reasonably 
representative of a larger population. Figure 5 is a graphic depicting the sampling plan using a 
top down graphic. Terminology on the right side of the graphic came from the book Applied 
Biostatistics for the Health Sciences (Rossi, 2010, 76–78). The “target population” was defined 
as undergraduate students studying occupational safety and health or civil engineering. Instead of 
trying to obtain a random sample from all universities in the world, a convenience sample was 
obtained by select two undergraduate classes conducted at Montana Tech to serve as the 
“sampling units.” Rossi provides three examples of convenience sampling, one of which is called 
“availability sampling.” Availability sampling refers to drawing volunteers from the sampling 
units who are available to participate; in this case, students enrolled in the two classes. Following 
an in-class explanation of the project, a volunteer signup sheet was used. The first 20 volunteers 
were invited to participate and serve as the “sampling elements.” 
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The Target Population
Undergraduate students studying 
OSH or civil engineering
OSH Civil Engrs
Two classes at Montana Tech
OSH 
majors
CE majors
Volunteers who responded to 
invitations to participate
Convenience Sampling 
Units
The Sampling Elements
 
 
Figure 5: Summary of participant sampling plan 
 
Requirements for participation were being over the age of 18, having no prior fall 
protection training, and being physically capable of climbing and descending ladders. The study 
plan, to get twenty participants without regard to gender, was achieved, with 17 male and three 
female volunteers. 
2.3. Preliminary Procedures 
The volunteer signup sheet had a space for the person’s name, email, and phone number 
and was sent around the class for volunteers to sign up for the experiment. From the people who 
signed up, an email request was sent asking them to make an appointment to meet in the safety 
lab a room in the Natural Resource Research Building and run through the experiment. Once the 
participant arrived in the lab, he/she was provided an IRB consent form and given time to read, 
ask questions, and sign it. The next step was getting the participant fitted with the proper fall 
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protection harness. Proper size was determined through the participant already knowing their 
size or referring to a fit guide provided by the harness manufacturer. Once the fall protection 
harness was donned, the participant was instructed on the order of ladder climbing tasks, hooking 
up to the overhead retractable life line, and unhooking after reaching the mezzanine.  
2.3.1. Subject Apparel 
The investigator inspected the participant’s attire to assure compliance with the safety lab 
requirements. Full length pants and closed toed shoes were required to be worn. Other things that 
the participants were told not to wear was loose clothing that could get snagged while ascending 
or descending the ladder. They were also told not to wear jewelry, as that could also get snagged 
while ascending or descending a ladder. If they had such jewelry, they were instructed to remove 
it before performing the tasks.  
2.3.2. Equipment 
The experiment used two ladders. Each ladder connected the lab floor with a 15-foot high 
mezzanine. At the top of the extension ladder, a self-closing gate was fixed in the fully open 
position to allow space for the extension ladder and the person. At the top of the fixed ladder, 
there is a hatch door kept open throughout the experiment. Fall protection equipment was 
provided using a retractable life line above each ladder. The lifeline above the portable ladder 
was attached to a ceiling anchor point as seen in Figure 6a. The lifeline above the fixed ladder 
was attached to a davit as seen in Figure 6b. 
The fall protection harnesses were the DBI SALA Exofit harnesses. These harnesses are 
marketed as being suited for construction workers. They ranged in sizes from extra-small to 
extra-large.  
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(a) 
 
 
(b) 
 
 
Figure 6: Fall protection equipment for extension ladder (a) and fixed ladder (b) 
 
2.4. Experimental Procedures 
The tasks performed consisted of climbing and descending the extension ladder and the 
fixed ladder. Participants were instructed to climb either task 1 or task 3 first based on which 
cycle was randomly chosen for them.  
 Cycle A: Task1 – Task 4 – Task 3 – Task 2  
 Cycle B: Task 3 – Task 2 – Task 1 – Task 4  
If Cycle A was chosen the participant would attach the self-retracting lifeline above the 
extension ladder to their fall protection harness. They would then climb the extension ladder, 
once on top of the mezzanine they would disconnect the self-retracting life line. They would then 
walk over to the fixed ladder and attach the other self-retracting lifeline hooked to the davit 
shown in Figure 6b. They would then descend the fixed ladder. Once on the lab floor they would 
climb back up the fixed ladder and detach from the lifeline. The participant would then walk 
back over to the extension ladder, connect to the lifeline above the extension ladder and descend 
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down the extension ladder. Once down they would disconnect from the lifeline and take off the 
fall protection harness.  
The participants were videotaped while climbing and descending the ladders. The video 
camera locations were chosen to obtain clear views of the fixed ladder (pictured in Figure 7a) 
and the portable extension ladder (pictured in Figure 7b).  
 
(a)
 
(b)
 
 
Figure 7: Video camera perspective of subject using the fixed ladder(a) and the portable ladder (b) 
 
2.5. Processing Data 
A commercial program called Observer XT 11 was used to process the observations from 
the videos (Noldus Information Technology, 2011). The first five seconds of the ascent were 
included in each video. The participant would first mount the ladder with two hands and a foot, 
once the other foot came off the ground, the analysis of the video would start. As the participant 
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got to the top of the ladder the hands of the participant would go out of view because they had 
reached the top of the mezzanine. After reviewing several assents and descents, it was 
determined that five seconds of observations were visible for nearly all subjects, so that time was 
used for analyses. Similarly, the last five seconds of the descent were included as the mezzanine 
obstructed the view of the hands at the beginning of the descent. The software was programmed 
to pause every half second. Once paused, the snapshot-like image was used to determine how 
many points of contact the subject had at that moment. This fixed-interval technique has a long 
history of use by industrial engineers who call it work sampling (Richardson and Pape, 1982). It 
is an effective way to determine proportion of time on discrete activities.  
In this project, the observation in each snapshot identified if the participant was grasping 
the rungs or the side rails for the ascent and descent. Another observation was the pattern of how 
the participants hands and feet moved as they ascended and descended the ladder, resulting in the 
participant using one of the patterns from Figure 3. The movement patterns were easily seen as 
the video advanced for a half second. After the video played for a half second and paused, the 
image was stopped to allow determining points of contact between the ladder and both feet and 
both hands. From each task, a total of ten snapshot-like images were made during the five 
seconds. This method was planned to provide 40 observations for each participant (4 tasks x 10 
snapshots per task). 
2.5.1. Programming Observer XT 11 for Analysis 
The Observer XT 11 (Noldus Information Technology, Inc., 2011) markets to behavioral 
scientists seeking to transform video recordings into the data suitable for analysis. It supports 
researchers with the collection, analysis, and presentation of observable data. The video 
recordings of the ladder usage experiment were uploaded to this software. The software had been 
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programmed into premade analysis templates that facilitated breaking down the recorded video 
into specific snapshot-like images for data analysis. The template was coded so the investigator 
could record the number of points of contact by clicking one of four preprogrammed keys linked 
to the number of points of contact. After the key was selected, the play button was pressed and 
the video played another half a second. Each half second of video was watched until the video 
was paused. This was done for the first five seconds of the ascent and the last five seconds of the 
descent.  
2.5.2. Obtaining Raw Data from Videotape 
Data were obtained from the video tapes in a few different ways. Once the video was 
paused it was noted if the participant’s hands were using the side rails or using the rungs of the 
ladder. Another thing noted from the video was contact (yes or no) of the left hand and the right 
hand. Similarly, contact of the left foot and right foot were entered. These observations were the 
raw data for subsequent analyses.  
2.5.3. Organizing Data 
Once the data were collected, it was organized into a large, raw data table using a 
Microsoft Excel® spreadsheet. The table included how many times out of all snapshots (usually 
10) showed the participant using one, two, three, or four points of contact during the ascent or 
descent of the fixed or extension ladder. These tables also included the percentage of 
observations in which subjects were using one, two, three, or four points of contact. Also 
included in this table was whether the participant used the side rails or not. The last entry in the 
table was the task number.  
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2.6. Data Analyses 
From the raw data table, more tables were created. Four task-specific tables were created 
to document patterns used for the four tasks. Other tables were created by separating the 
participants whose hands used the rungs, from those who did not. 
2.6.1. Number of Points of Contact vs. Pattern 
Statistical analyses were performed using Minitab statistical software (2017). This initial 
analysis included all observations, whether their hands were using the rungs or the side rails. The 
first statistical test was a Chi-square test for independence. It involves arranging observed data in 
a table format. The six rows were the six patterns. The three columns were for the number of 
points of contact: two, three, or four. In the cells of the table, the number of observations was 
entered.  
A Chi-square test for independence involves computing the expected number of 
observations (Eij) in each cell of the table and comparing that to the actual observed number 
(Oij). The subscripts i and j indicate row and column, respectively. Minitab computes the Chi-
square statistic and outputs the p-value used to decide if the null hypothesis should be rejected. 
The null hypothesis used for this analysis was that the data in the cells of the table are 
independent. That means if the number of observations in a particular cell is not affected by the 
applicable classification of the cell’s row or the column. The alternative hypothesis was there is 
an association. 
The Chi-square test was then run for a second table with one column for two points of 
contact, with the second column for three and four points of contact combined. 
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2.6.2. Points of Control in Relation to Task and Pattern 
The next analyses were to explore the data to see if certain patterns were safer than 
others. A working definition of being safer was based on the percentage of snapshots involving 
the subject having three or four points of control. The higher the percentage, the greater the 
safety. In order to examine how the ladder-usage performance was influenced by the pattern and 
by task, the Kruskal-Wallis (K-W) One Way ANOVA Test was used. The variables were as 
follows. 
The performance variable was based on the number of rungs each subject was seen using 
three or four points of control. For each subject performing a task, nine or ten snapshots were 
analyzed. The percentage of these snapshots in which the subject had three or four points of 
control was determined. For example, if seven of ten snapshots showed three or four points of 
control, the value used in the K-W test would be 70. Thus, a higher number reflects greater 
safety. Separate analyses were performed for each factor: pattern and task. The ladder usage 
patterns were determined from the snapshots and by observing the motions of limbs between 
snapshots. The six patterns corresponded to those identified in Figure 3. The four tasks identified 
in Figure 4 were analyzed as factor categories. 
The K-W Test is among the nonparametric procedures in Minitab 17. It tests for equality 
of mean ranks for two or more samples. It does not require that the data are distributed normally. 
Assumptions for the K-W Test are listed below (Conover, 1980, p. 230). 
1. All samples are random samples from their respective populations. 
2. In addition to independence within each sample, there is mutual independence among 
various samples. 
3. The measurement scale is at least ordinal. 
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The K-W Test for patterns examined the role of pattern on safety performance. A newly 
discovered pattern (Pattern 7) was not included because the sample size was too small to use in a 
K-W Test. The six patterns had sample sizes ranging from 40 to 157. 
The K-W Test involves putting all values of the performance variable in a rank order. 
The rank values are then listed according to the factor categories. From the rank values in each 
factor category, the mean is computed. The mean ranks for each factor are then compared to see 
if they are equal or not. A test statistic, denoted H, is computed (Conover, 1980; Hollander and 
Wolfe, 1973). The distribution of the H variable is approximated by a Chi-squared distribution 
with n – 1 degrees of freedom. This approximation is reasonably accurate if all groups have at 
least five observations (Conover, 1980). Because there were many ties in the performance data, 
an adjusted value of H, as output by Minitab 17, was used. Another output indicates the z-value 
for each set of the factor variable. It compares each factor value to the full data set. For example, 
if the z-value is positive, it means the particular factor data set has a mean rank larger than the 
mean rank of all observations 
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3. Results 
Data were sorted into the four task-specific tables presented Appendix A. These raw 
numbers were further sorted to facilitate analyses of factors related to points of contact. Results 
are reported in the following sections. 
1 Findings regarding the taxonomy of ladder climbing patterns, 
2 Points of contact in relation to the patterns used by the subjects,  
3 Points of control in relations to the patterns used by the subject, and  
4 Points of control in relation to the four tasks performed.  
3.1. Findings Regarding the Taxonomy of Ladder Climbing Patterns 
The six-pattern taxonomy developed prior to the study accounted for 68 of the 80 
observations. The 12 unaccounted observations were subjects sliding their hands up or down the 
rails with no noticeable pattern (see Appendix E for details). Their pattern was recorded as: foot 
1→foot 2→foot 1→foot 2. The hands stayed on the side rails the whole time. This was named 
Pattern 7. This pattern was added to the taxonomy as shown in Figure 8. In the videos it could be 
observed that a hand and a foot were landing on a rung or rail at the same time simultaneously. 
But in the half second that went by it was observed that either the hand or foot landed on the 
rung or rail just before the other.  
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*Hands were always in contact with side rails for pattern 7 
Figure 8: Complete taxonomy of ladder climbing techniques 
 
3.2. Points of Contact for All Observations 
In order to determine if different patterns involved two, three, or four points of contact, 
data were tabulated. Table II reports the number of observations for all subjects according the 
points of contact and pattern. The most observations were for Patterns 2, 3, and 5.  
 
Table II. Points of Contact by Pattern, Observed Numbers 
 
Pattern 
Points of Contact  
two three four Row Total 
p1 14 35 11 60 
p2 45 67 35 147 
p3 56 65 25 146 
p4 14 35 11 60 
p5 56 66 35 157 
p6 14 16 10 40 
p7 0 0 109 109 
Column Total 199 284 238 719 
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The data in Table III were analyzed to determine if there was an association between the 
pattern used and the points of contact. Pattern 7 was not used in the statistical test because each 
sample should be large enough so that there is a reasonable chance of observing outcomes in 
every category. In this case, Pattern 7 had zero observations of two points of contact and zero 
observations of three points of contact. The subjects did have moments of three points of contact 
but in the specific snapshots that were observed, all subjects using pattern 7 had four points of 
contact. If the expected counts are too low, the p-value for the test may not be accurate. Results 
of a Chi-squared test for association was used. The null hypothesis was that the row and column 
factors are independent. The alternative is the row and column factors are associated. Minitab 17 
provided the analysis and generated results provided in Appendix B. The resulting Pearson Chi-
squared value of 0.248 indicates the null hypothesis of independence should not be rejected. 
Thus, according to the data in Table III, the variable patterns and points of contact appear to be 
independent. The measure of association should not be interpreted to mean that the data have 
within and between group independence. Three assumptions were made for the Chi-square test.  
1. Each sample is a random sample. 
2. The outcomes of the various samples are all mutually independent.  
3. Each observation may be categorized into exactly one of the categories.  
The traditional recommendation for ladder usage was to maintain three or four points of 
contact (Simeonov, 2017; Ellis, 2012; Reese and Eidson, 1999). This was considered safe. 
According to that older definition of safe ladder climbing, the observations were organized and 
presented in Table III as percentages of observations in each row. Patterns 1 and 4 had the largest 
percentage (76.7%) of observations involving three or four points of contact. Pattern 3 had the 
lowest (61.1%). An important point to make is that these data include as “points of contact” 
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those subjects who used the side rails. Therefore, these results are only meaningful under the 
older guidelines based on points of contact. 
 
Table III. Points of Contact by Pattern, Percentages 
 
Pattern 
Points of Contact (%) 
Two 
Three and 
Four 
p1 23.3 76.7 
p2 30.6 69.4 
p3 38.4 61.6 
p4 23.3 76.7 
p5 35.7 64.3 
p6 35.0 65.0 
p7 0.0 100.0 
 
3.3. Points of Control by Pattern 
The traditional rule of three points of contact has been updated to be three points of 
control. In order to appreciate how this new guideline applies to subjects in this experiment, the 
data from rung users were examined. Using the rungs is considered “control,” whereas using the 
rails is not. Table IV provides the pattern-specific percentages of observations according to those 
who were using two points of control versus those who were using three or four points of 
control. Pattern 1 had the largest percentage (76.7%) of using three or four points of control. 
However, that does not mean Pattern 1 was statistically different from the other patterns. In order 
to examine possible statistical significance, the K-W Test was used. 
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Table IV. Rung Users, Points of Control by Pattern, Percentages 
 
Pattern 
Points of Control (%) 
Two Points of 
Control  
Three and 
Four Points of 
Control 
p1 23.3 76.7 
p2 30.6 68.8 
p3 38.4 60.1 
p4 23.3 52.3 
p5 35.7 63.5 
p6 35.0 65.0 
 
As noted in Section 2.6.2, the K-W Test statistic approximates the Chi-square distribution 
provided each factor has at least five observations. Patterns 4, 6, and 7 had less than five (three,  
four, and zero respectively). Therefore, the K-W test was performed using the other four patterns 
with observations ranging from six to 16. An initial check on the required assumption of each 
dataset having balanced distribution was performed by making histograms of the four patterns 
and the four tasks datasets. These are presented and discussed in Appendix D with the conclusion 
that the assumption is satisfied.  
Results of the K-W Test are in Table V. For each pattern, the median and average ranks 
are listed. The average rank value comes from ranking all observations from the four patterns, 
and then computing for each pattern their mean of those rank values. The null hypothesis is that 
the mean ranks of the four patterns do not differ in terms of the safe performance variable (% of 
observations using three or four points of control). Based on these results, the null hypothesis 
cannot be rejected using the common cutoff p-value of 0.05 (p = 0.14). Therefore, the conclusion 
of the K-W Test is that the findings do not support concluding the patterns make a difference in 
terms of the safe performance variable.  
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Table V: Results of K-W Test on Pattern vs. Use of Three or Four Points of Control 
 
Pattern Observations Median Mean Rank Z-value 
1 6 75.0 36.1 1.65 
2 15 70.0 30.0 1.06 
3 15 60.0 21.3 − 1.59 
5 16 60.0 24.5 − 0.62 
Overall 52  26.5  
H = 5.47   DF = 3   p = 0.14 (adjusted for ties) 
 
Figure 9 is a box plot showing the mean percentage of observations involving three and 
four points of control by task. The bars indicate for each pattern the mean, median, and 
interquartile range of subjects who used three or four points of control. Task 1 had the largest 
distributions spanning 40 to 100 percent. This visual comparison suggests possible differences 
even though the statistical test for differences was not significant. 
 
Figure 9: Box plot comparing four ladder use patterns based on percentage of observations using three or 
four points of control. 
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3.4. Points of Control by Task 
The K-W Test was used to examine the influence of task on performance. Results of the 
K-W Test are in Table VI. The null hypothesis was that the mean ranks of the four tasks do not 
differ in the safe performance variable (% of observations showing use of three or four points of 
control). Based on these results, the null hypothesis cannot be rejected (p = 0.51).  
 
Table VI. Results of K-W Test on Tasks vs. Use of Three or Four Points of Control 
 
Task Observations Median Mean Rank Z-value 
1 13 60.0 26.4 − 0.86 
2 11 70.0 35.3 1.13 
3 17 60.0 27.4 − 0.74 
4 18 65.0 31.9 0.55 
Overall 59  30.0  
H = 2.31   DF = 3   p = 0.51 (adjusted for ties) 
 
Figure 10 is a box plot showing the mean percentage of observations involving three and 
four points of control by task. Each bar is based on 20 data observations. Each of the 20 
observations is a subject-specific mean rank obtained from snapshots of the individual 
performing the particular task. This visual comparison illustrates how similar the four tasks were 
in terms of the mean percentage of observations involving three or four points of control. 
Using the percent of snapshots with three or four points of control as the performance 
variable, the conclusions of the K-W Test is that the four tasks were not significantly different in 
terms of their mean ranks or medians of their performance variable (% three and four points of 
control). 
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Figure 10: Box plots for comparing four ladder use tasks based on percentage of observations using three or 
four points of control 
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4. Discussion 
This project was undertaken to determine if the hypothesized six-pattern taxonomy of 
ladder use techniques is complete. A secondary purpose was to compare the patterns in terms of 
safety. Both purposes were addressed by observing untrained students performing ladder 
climbing in a laboratory environment. 
4.1.  Findings Regarding Hypothesized Taxonomy 
Of the six hypothesized patterns, all were used by subjects. A seventh pattern was 
identified. With 20 subjects performing four tasks each, there were a total of 80 observations of 
pattern. Of the 80, 12 used Pattern 7.  
For points of contact, Table III lists the percentage with three or four points of contact 
according to pattern. Pattern 1 and Pattern 4 had the highest percentage. For points of control, 
Table IV lists the percentage with three or four points of control according to pattern. Pattern 1 
had the highest percentage. These patterns and tasks were not statistically different in terms of 
pattern 7.   
4.2. Findings Comparing Ladder Usage Patterns 
The secondary purpose of the project was to compare ladder usage techniques in term of 
safety. The focus of this analysis was on the techniques that had subjects use the rungs. Subjects 
who used Pattern 7 slid their hands up or down the ladder rails. This technique has been shown 
through experimentation to provide a weak support in the event of feet slipping (Young, et.al, 
2009; Young, et. al., 2012). Therefore, statistical comparison of patterns excluded Pattern 7.  
A novel method for comparing the relative safety of the different patterns was developed. 
It used the snapshot observations of subjects performing each of the four tasks. The snapshots 
were obtained at half-second intervals during the task. The measure used was to determine the 
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percentage of snapshots in which the subject had three or four points of control while performing 
one of the tasks. Analyses posit that higher percentages indicate greater safety.  
Analyses are reported for both points of contact and points of control. The more 
important analyses are for points of control.  
A Chi-square test for association was performed comparing the pattern and three and four 
points of control combined to see if there was any association between them. The test did not 
indicate a significant association (p = 0.16). With a significance level of 0.05 it is concluded that 
the pattern category and the points of control were not statistically associated, or stated 
differently, these variables appear to be independent.  
To examine if certain patterns were showing differences in the performance variable, the 
K-W Test was used. The four patterns with at least five observations were used. The K-W Test 
results were that the findings do not support concluding the patterns make a difference in terms 
of the mean rank of the performance variable (% three and four points of contact). Out of 
curiosity, the K-W test was also performed using all six patterns even though two had fewer than 
five observations. The result, presented in Appendix C, reached the same conclusion.  
To examine if the four tasks differed in the safe performance variable, K-W Test was 
used. The null hypothesis was that the tasks did not differ. Based on these results, the null 
hypothesis cannot be rejected (p > 0.50).  
Consideration of the four assumptions for the K-W Test warrants the following 
discussion. These assumptions are listed in Section 2.2.6 and repeated here. 
1. All samples are random samples from their respective populations. 
2. In addition to independence within each sample, there is mutual independence among 
various samples. 
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3. The measurement scale is at least ordinal. 
4. Either the population distribution functions are identical, or else some of the populations 
tend to yield larger values than other populations do. 
Regarding the first assumption, the sample of subjects were drawn from a convenience 
population consisting of Montana Tech students enrolled in at least one of two OSH courses. The 
first 20 to volunteer were accepted. This selection process was used to assure the investigator had 
no influence in selecting individual volunteers drawn from two classes (the sampling units).  
Regarding the second assumption, there are two parts. The first is independence within 
each sample. Is it possible that a subject might be influenced by watching how another 
participant used a ladder? The answer is no because only one subject was in the lab at a time. 
Was it possible that the pattern used by a subject performing their second, third, or fourth task 
was influenced the pattern used on an earlier task? The answer is possibly, and for that reason, 
the task orders were balanced so any such influence would be cancelled out. The second part of 
the assumption two requires mutual independence of the various samples. The investigator and 
his Thesis Advisor cannot imagine any way the samples of various patterns could influence the 
samples of other patterns, nor could the samples of various tasks have influenced the samples of 
other tasks. A thesis committee member suggested confirming this conclusion of independence 
by reordering the values in a task and running another K-W Test. Results were the same. 
Repeating this process for pattern, also yielded the same results.  
Regarding the third assumption, that the data are at least ordinal, the data consists of 
percentage values that are clearly ordinal. Regarding the fourth assumption, that either the 
population distribution functions are identical, or else some of the populations tend to yield 
larger values than other populations. To examine the distribution functions, histograms were 
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plotted to visually judge whether the distribution functions are identical (see Appendix D). The 
four task distributions appeared similar, with a balanced, distribution about the mean ranks. 
Similarly, the four patterns examined by the K-W test appear to have similar distributions. The 
second part of the fourth assumption is that some of the populations tend to yield higher values 
than others. The K-W Test results indicated support for the null hypothesis that all factors 
categories are the same in terms of mean rank.  
The data collected and analyzed from this project should provide support for future 
projects discussed in Section 4.4.  
Comparing findings in Table III Points of Contact by Pattern, Percentage to Table IV 
Rung users, Points of Control by Pattern, both tables had very similar results for the percentages 
that were found. The only percentages that had a larger difference between the two was Pattern 4 
in Table II, which had three and four points of contact as 76.7 percent and Pattern 4 in Table IV 
had three and four points of control as 52.3 percent. The rest of the patterns in the two tables 
only had a difference of one to two percent. This finding shows that participants were ascending 
or descending the ladders, using the rungs or the side rails, were using two points or three and 
four points of control at very similar rates.  
A study reported by Erika Pliner and Kurt Breshorner in 2017 called Effects of Ladder 
Climbing Patterns on Fall Severity investigated the effects of different temporal beats (2-beat, 4-
beat) and coordination (lateral, diagonal) ladder climbing patterns on fall severity. The 2-beat 
pattern being the upper and lower limb moving in unison. The 4-beat was movement of each 
limb is staggered. The two coordination patterns observed of the limbs with overlapping airborne 
phases were lateral (ipsilateral limbs moving together) and diagonal (contralateral limbs moving 
together). Pliner and Breshorner (2017) only used four patterns compared to the seven patterns 
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that were found by observing the participants in this taxonomy study. The seven patterns go 
more in depth on how the participants moved their limbs while ascending or descending the 
ladder, hence finding more than four patterns for ascending or descending a ladder. 
Out of the four tasks there were 12 times out of 80 that a subject used Pattern 7. Was the 
use of Pattern 7 influenced by the direction of using the ladder? The number of subjects who 
used Pattern 7 while doing Task 1, Task 2, Task 3, and Task 4 were four, five, two, and one, 
respectively. Thus, Pattern 7 was used six times for ascending (Tasks 1 and 3) and six times 
while descending (Tasks 2 and 4). Thus, based on this study, the use of Pattern 7 is not affected 
by the direction of using the ladder.  
Major findings from this project include finding that there no statistical association 
between the patterns and points of control. The patterns were not statistically different in terms 
of the mean rank of the performance variable (% three and four points of control). The four tasks 
performed also did had no difference in the performance variable. One new pattern was found 
(Pattern 7) for subjects who used the siderails. This project also looked at which subjects used 
points of contact to perform the tasks and which subjects used points of control. Using points of 
control is the preferred method for reason noted in section 1.1.1. The findings from this project 
can be useful for future research that will lead to science-based recommendations for safety 
professionals to use for training workers to use the safest techniques for using ladders.  
4.3. Limitations and Strengths of the Project 
One limitation was that only three female participants signed up out of the twenty total 
participants. Another limitation was that height was not documented. It could be that taller 
subjects used different patterns to ascend and descend the ladders than shorter subjects as 
suggested by Dewar (1977). The view from the video camera could also be another limitation as 
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there were certain parts of the video where the limbs of the participants were not in view due to 
them being at the top of the ladder and the mezzanine obstructing the view. Another limitation of 
experiment was that Patterns 4 and 6 yielded small samples (N = 3 and 4). For that reason, the  
K-W Test did not include these patterns in the analysis found in Table V. 
A strength of this project was that all of the participants had no previous ladder training 
so prior training could not have explained the frequency of using different patterns. A second 
strength of the project was identifying a practical way to measure the relative safety of different 
patterns, specifically, the percentage of snapshots showing use of three and four points of 
control. This measure could be used in future projects involving ladder safety. Another strength 
of this project was that subjects had an opportunity to gain insight into experimentation involving 
human subjects.  
4.4. Thoughts on Follow-up Projects 
Several studies and lines of research could make use of the taxonomy and the innovative 
measure of ladder usage safety identified in this project. An experiment could the designed to 
compare the patterns used by subjects of different stature as suggested by Dewar (1977). 
Similarly, an experiment could the designed to compare the patterns used by men and women. A 
project could also be designed for comparing patterns used by experienced ladder climbers to 
those used by the untrained subjects in the study reported here.  
Two lines of research that would be useful for those who conduct training on safe ladder 
climbing are suggested. Both lines of research could use the ladder usage safety measure 
identified in this project. One line of research could be investigations to determine what pattern, 
or patterns, should be taught. The second could be determining the effectiveness of different 
instructional methods for helping trainees learn to use the preferred patterns.  
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4.5. Conclusions  
This project was undertaken to determine if the hypothesized six-pattern taxonomy of 
different ladder usage techniques is complete. A secondary purpose was to compare the patterns 
in terms of safety. Both purposes were addressed by observing untrained students performing 
ladder climbing in a laboratory environment. The expectation was that findings would provide a 
foundation for future studies addressing ladder usage techniques and methods for training the 
safest techniques. 
The conclusion regarding the first purpose is that all six patterns were used by subjects, 
whether using their hands to hold rungs or the siderails. A seventh pattern was identified for 
subjects who used siderails.  
The conclusion regarding the secondary purpose is that the six patterns were not 
significantly difference is terms of the measure of safety—percentage the snapshots showing 
three and four points of control. Therefore, this study did not determine which pattern, or 
patterns, would be best for teaching workers how to climb ladders safely. 
The project was successful in terms of providing a foundation for future studies 
addressing ladder usage techniques. The use of video recordings to observe people using ladders 
was shown to be a practical tool, particularly when fed into a computer using Observer 11 
software to enable analyses. The use of the measure of ladder usage safety was found to provide 
a useful metric for research.  
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6. Appendix A: Task-Specific Data Tables 
The four data tables in Appendix A provide the record of observations for the four tasks: 
(1) ascents of the extension ladder, (2) descents of the extension ladder, (3) ascents of the fixed 
ladder, and (4) descents of the fixed ladder. Tables VII, VIII, IX, and X provide these results. 
The points of contact numbers are the number of subject-specific observations of one, two, three, 
and four points of contact. The plan was to make 10 observations of each subject performing 
each task, making a total of 40 per subject. The percent columns show 100 times the points of 
contact divided by the total observations for that subject.  
Table VII. Extension Ladder Ascent (Task 1) 
 
Participant 
Points of Contact  Percent  Used Side 
rails 
(yes/no) 
Task 
Number one two three four  one two  three  four  
1 0 0 6 4 0 0 60 40 yes 1 
2 0 0 6 4 0 0 60 40 yes 1 
3 0 4 5 1 0 40 50 10 no  1 
4 0 4 4 2 0 40 40 20 no  1 
5 0 4 4 2 0 40 40 20 no  1 
6 0 5 2 3 0 50 20 30 no  1 
7 0 3 3 4 0 30 30 40 no  1 
8 0 4 4 2 0 40 40 20 no  1 
9 0 3 4 1 0 37.5 50 12.5 no  1 
10 0 5 3 2 0 50 30 20 no  1 
11 0 3 6 1 0 30 60 10 no  1 
12 0 3 5 2 0 30 50 20 no  1 
13 0 4 4 2 0 40 40 20 yes 1 
14 0 3 4 3 0 30 30 30 no 1 
15 0 1 8 1 0 10 80 10 yes 1 
16 0 2 4 4 0 20 40 40 yes 1 
17 0 2 7 1 0 20 70 10 no 1 
18 0 0 9 1 0 0 90 10 yes 1 
19 0 4 3 3 0 40 30 30 yes  1 
20 0 6 2 2 0 60 20 20 no 1 
Average  0 3.03 4.70 2.27 0 30.37 46.5 22.62     
 
 
46 
Table VII (above) shows the points of contact for task one of each participant which is 
the ascent of the extension ladder. Every participant had a total of ten observations except for 
participant 9 having only got 8 observations. The table also shows if the participants used the 
side rails or the rungs to climb the ladder. Three points of contact was most frequently used.  
Table VIII shows task two which the participants is descending down the extension 
ladder. It also shows if they used the side rails or not. The points of contact that was used the 
most was three. 
Table VIII. Extension Ladder Descent (Task 2) 
 
Participant 
Points of Contact  Percent  
Used Side 
Rails 
(yes/no) 
Task 
Number 
one two three four  one two  three  four   
1 0 0 6 4 0 0 60 40 yes  2 
2 0 0 8 2 0 0 80 20 no  2 
3 0 0 7 3 0 0 70 30 yes  2 
4 0 3 3 4 0 30 30 40 yes  2 
5 0 3 5 2 0 30 50 20 no  2 
6 0 4 4 2 0 40 40 20 no  2 
7 0 1 7 2 0 10 70 20 no  2 
8 2 0 6 2 20 0 60 20 yes 2 
9 0 2 6 2 0 20 60 20 no  2 
10 0 5 2 3 0 50 20 30 no  2 
11 0 1 7 2 0 10 70 20 yes 2 
12 0 4 3 3 0 40 30 30 no  2 
13 0 0 7 3 0 0 70 30 yes 2 
14 0 3 4 3 0 30 40 30 no 2 
15 0 3 5 2 0 30 50 20 no 2 
16 0 3 6 1 0 30 60 10 yes 2 
17 0 1 9 0 0 10 90 0 no 2 
18 0 3 4 3 0 30 40 30 no 2 
19 0 4 3 3 0 40 30 30 yes 2 
20 0 5 4 1 0 50 40 10 no 2 
Average 0.1 2.25 5.3 2.35 1 22.5 53 23.5     
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Table IX shows the participants doing task 3 which is ascending the fixed ladder. It also 
shows if they used the side rails or the rungs. The point of contact that was used the most was 
three as the average observation was 4.8. While ascending the ladder though not all subjects used 
three points of contact the whole time. All of the participants had a total of ten observations 
except for participant 20 which only had 9 observations. 
 
Table IX. Fixed Ladder Ascent (Task 3) 
 
 
Table X shows the points of contact for task 4 which is descending the fixed ladder. The 
point of contact that was used the most was 3 points of contact. The average observation for 
three points of contact was 4.35. Not all of the participants used three points of contact the whole 
Participant 
Points of Contact  Percent  
Used Side Rails 
(yes/no) Task Number 
one two three   four  one two  three  four  
  
1 0 0 7 3 0 0 70 30 yes 3 
2 0 0 8 2 0 0 80 20 no  3 
3 0 4 3 3 0 40 30 30 no  3 
4 0 5 5 0 0 50 50 0 yes  3 
5 0 3 3 1 0 43 43 14 no  3 
6 0 6 3 1 0 60 30 10 no  3 
7 0 3 4 3 0 30 40 30 no  3 
8 0 3 5 2 0 30 50 20 no  3 
9 0 3 4 1 0 30 40 10 no  3 
10 0 6 3 1 0 60 30 10 no  3 
11 0 5 3 2 0 50 30 20 no  3 
12 0 3 6 1 0 30 60 10 no  3 
13 0 5 3 2 0 50 30 20 no 3 
14 0 3 6 1 0 30 60 10 no 3 
15 0 1 7 2 0 10 70 20 yes 3 
16 0 5 3 2 0 50 30 20 no 3 
17 0 0 8 2 0 0 80 20 no 3 
18 0 2 6 2 0 20 60 20 no 3 
19 0 3 6 1 0 30 60 10 no 3 
20 0 4 3 2 0 44.4 33.3 22.2 no 3 
Average 0 3.2 4.8 1.7 0 32.87 48.815 17.31     
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time as they descended the fixed ladder. Each participant had ten total observations except for 
participant 7, they had 8 total observations. Participant 9 had 9 total observations. Participant 20 
had 9 total observations.  
Table X. Fixed Ladder Descent (Task 4) 
 
Participant 
Points of Contact  Percent  
Used Side 
Rails 
(yes/no) 
Task 
Number one two three four  one two  three  four 
1 0 0 6 4 0 0 60 40 yes 4 
2 0 1 6 3 0 10 60 30 no  4 
3 0 3 5 1 0 30 50 10 no  4 
4 0 4 4 2 0 40 40 20 no  4 
5 0 3 4 3 0 30 40 30 no  4 
6 0 3 4 3 0 30 40 30 no  4 
7 0 4 1 3 0 50 12.5 37.5 no  4 
8 0 3 5 2 0 30 50 20 no  4 
9 0 4 2 3 0 44.4 22.2 33.3 no  4 
10 0 4 2 4 0 40 20 40 no  4 
11 0 5 1 4 0 50 10 40 no  4 
12 0 3 4 3 0 30 40 30 no  4 
13 0 4 4 2 0 40 40 20 no 4 
14 0 4 5 1 0 40 50 10 no 4 
15 0 1 6 3 0 10 60 30 yes 4 
16 0 3 5 2 0 30 50 20 no 4 
17 0 0 9 1 0 0 90 10 no 4 
18 0 2 7 1 0 20 70 10 no 4 
19 0 2 4 4 0 20 40 40 no 4 
20 0 5 3 1 0 55.5 33.3 11.1 no 4 
Average  0 2.8 4.3 2.5 0 30.0 43.9 25.6     
 
 
For those using the side rails, Table XI presents the number of points of contact and the 
percentage of points of contact. For all patterns and all tasks, the most observations showed three 
points of contact. The average observation for three point of contact was 58 % of observations. 
Another 26.5% had four points of contact. Combining the three and four points of contact 
percentages gives 84.5% of observations.  
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Table XI. Points of Contact for Side Rail Using Subjects 
 
Participant/ Ladder 
points of contact  percent  
 Used side rails 
(yes/no) one two three   four  one two  three  four  
1 extension ascent  0 0 6 4 0 0 60 40 yes 
1 fixed descent  0 0 6 4 0 0 60 40 yes 
1 fixed ascent  0 0 7 3 0 0 70 30 yes 
1 extension descent  0 0 6 4 0 0 60 40 yes  
2 extension ascent  0 0 6 4 0 0 60 40 yes 
3 extension descent  0 0 7 3 0 0 70 30 yes  
4 fixed ascent  0 5 5 0 0 50 50 0 yes  
4 extension descent  0 3 3 4 0 30 30 40 yes  
8 extension descent  2 0 6 2 20 0 60 20 yes 
11 extension descent  0 1 7 2 0 10 70 20 yes 
13 extension ascent  0 4 4 2 0 40 40 20 yes 
13 extension descent 0 0 7 3 0 0 70 30 yes 
15 extension ascent 0 1 8 1 0 10 80 10 yes 
15 fixed descent 0 1 6 3 0 10 60 30 yes 
15 fixed ascent 0 1 7 2 0 10 70 20 yes 
16 extension ascent  0 2 4 4 0 20 40 40 yes 
16 extension descent 0 3 6 1 0 30 60 10 yes 
18 extension ascent 0 0 9 1 0 0 90 10 yes 
19 extension descent 0 4 3 3 0 40 30 30 yes 
19 extension ascent 0 4 3 3 0 40 30 30 yes  
Average  0.1 1.45 5.8 2.65 1 14.5 58 26.5   
 
 
For those using the side rungs, Table XII presents the number of points of contact and the 
percentage of points of contact. For all patterns and all tasks, the most observations showed three 
points of contact. The average observation for three point of contact was 44.7 % of observations 
while for two points of contact the percentage was 33.7 %.  
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Table XII. Points of Control for Rung Using Subjects 
 
Participant/ Ladder 
points of contact  percent   Used 
side rails 
(yes/no) one two three   four  one two  three  four  
2 fixed descent  0 1 6 3 0 10 60 30 no  
2 fixed ascent  0 0 8 2 0 0 80 20 no  
2 extension descent  0 0 8 2 0 0 80 20 no  
3 extension ascent  0 4 5 1 0 40 50 10 no  
3 fixed descent  0 3 5 1 0 30 50 10 no  
3 fixed ascent  0 4 3 3 0 40 30 30 no  
4 extension ascent  0 4 4 2 0 40 40 20 no  
4 fixed descent  0 4 4 2 0 40 40 20 no  
5 extension ascent  0 4 4 2 0 40 40 20 no  
5 fixed descent  0 3 4 3 0 30 40 30 no  
5 fixed ascent  0 3 3 1 0 43 43 14 no  
5 extension descent  0 3 5 2 0 30 50 20 no  
6 fixed ascent  0 6 3 1 0 60 30 10 no  
6 extension descent  0 4 4 2 0 40 40 20 no  
6 extension ascent  0 5 2 3 0 50 20 30 no  
6 fixed descent 0 3 4 3 0 30 40 30 no  
7 fixed ascent  0 3 4 3 0 30 40 30 no  
7 extension descent 0 1 7 2 0 10 70 20 no  
7 extension ascent  0 3 3 4 0 30 30 40 no  
7 fixed ascent  0 4 1 3 0 50 12.5 37.5 no  
8 extension ascent  0 4 4 2 0 40 40 20 no  
8 fixed descent  0 3 5 2 0 30 50 20 no  
8 fixed ascent  0 3 5 2 0 30 50 20 no  
9 fixed ascent  0 3 4 1 0 30 40 10 no  
9 extension descent  0 2 6 2 0 20 60 20 no  
9 extension ascent  0 3 4 1 0 37.5 50 12.5 no  
9 fixed descent  0 4 2 3 0 44.4 22.2 33.3 no  
10 extension ascent  0 5 3 2 0 50 30 20 no  
10 fixed descent  0 4 2 4 0 40 20 40 no  
10 fixed ascent  0 6 3 1 0 60 30 10 no  
10 extension descent 0 5 2 3 0 50 20 30 no  
11 fixed ascent  0 5 3 2 0 50 30 20 no  
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11 extension ascent  0 3 6 1 0 30 60 10 no  
11 fixed descent 0 5 1 4 0 50 10 40 no  
12 extension ascent  0 3 5 2 0 30 50 20 no  
12 fixed descent  0 3 4 3 0 30 40 30 no  
12 fixed ascent  0 3 6 1 0 30 60 10 no  
12 extension descent  0 4 3 3 0 40 30 30 no  
13 fixed descent  0 4 4 2 0 40 40 20 no 
13 fixed ascent  0 5 3 2 0 50 30 20 no 
14 fixed ascent 0 3 6 1 0 30 60 10 no 
14 extension descent 0 3 4 3 0 30 40 30 no 
14 extension ascent 0 3 4 3 0 30 30 30 no 
14 fixed descent 0 4 5 1 0 40 50 10 no 
15 extension descent 0 3 5 2 0 30 50 20 no 
16 fixed descent 0 3 5 2 0 30 50 20 no 
16 fixed ascent 0 5 3 2 0 50 30 20 no 
17 extension ascent 0 2 7 1 0 20 70 10 no 
17 fixed descent 0 0 9 1 0 0 90 10 no 
17 fixed ascent 0 0 8 2 0 0 80 20 no 
17 extension descent 0 1 9 0 0 10 90 0 no 
18 fixed descent 0 2 7 1 0 20 70 10 no 
18 fixed ascent 0 2 6 2 0 20 60 20 no 
18 extension descent 0 3 4 3 0 30 40 30 no 
19 fixed ascent 0 3 6 1 0 30 60 10 no 
19 fixed descent  0 2 4 4 0 20 40 40 no 
20 extension ascent  0 6 2 2 0 60 20 20 no 
20 fixed descent  0 5 3 1 0 55.5 33.3 11.1 no 
20 fixed ascent  0 4 3 2 0 44.4 33.3 22.2 no 
20 extension descent 0 5 4 1 0 50 40 10 no 
Average  0 3.3 4.433 2.2 0 33.747 44.738 20.843   
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7. Appendix B: Minitab Output for Chi-Squared Test 
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8. Appendix C: Statistical Findings 
When the K-W Test was performed using only those patterns with at least five 
observations (see Table V), it was concluded that the four patterns did not differ in terms of 
safety. The table below follows up on that finding by including all six patterns even though two 
had less than five observations. The statistical decision is the same—the mean ranks of the 
patterns are not different. 
 
Table XIII. Results of K-W Test with All Patterns Included 
 
Pattern Observations Median Ave. Rank Z-value 
1 6 75.0 41.5 1.73 
2 15 70.0 34.7 1.24 
3 15 60.0 24.8 − 1.37 
4 3 57.0 14.3 − 1.62 
5 16 60.0 28.5 − 0.41 
6 4 70.0 32.4 0.29 
Overall 59  30.0  
H = 8.25   DF = 5   p = 0.143 (adjusted for ties) 
 
 
9. Appendix D: Histograms of Task and Pattern 
The Kruskal-Wallis Test was used to examine observations of subjects who used the 
rungs. The K-W Test requires each sample to have a balanced distribution. It does not need to be 
normally distributed. The four histograms in Figure 11 show reasonably balanced distributions of 
the four with about half values below and half above the means. 
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Figure 11: Distributions (%) of observations for which three or four points of control were used 
 
Each observation used for the histograms in Figure 11 was for a subject performing one 
of the tasks. For example, if six of the ten snapshots of an individual performing Task 1 showed 
he was using three or four points of contact, a value of 60 would be entered in the Task 1 dataset. 
The four histograms in Figure 12 are for the ladder usage patterns used by subjects. The 
histogram for pattern 1, 2, and 5 appear to be balanced and distributed normally. The histogram 
for pattern 3 looks more skewed than normal. To examine this, a normal probability plot was 
generated using Minitab (Figure 13) and the Anderson-Darling test for normality indicated the 
null hypothesis of normality could not be rejected (p = 0.12)  
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Figure 12: Distribution of patterns used by subjects, including only patterns with more than five observations 
 
 
 
Figure 13: Normal Probability Plot of Pattern 3 Values.  
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10. Appendix E: Patterns Used for Each Task 
A record of the patterns used by the subjects while performing each task is in Table XIV 
Of the 80 observations, 12 used Pattern 7 which involved sliding hands up or down the side rails 
with no discernable alternating. Only one subject used Pattern 7 for all four tasks. The frequency 
of using Pattern 7 for Tasks 1–4 was 4, 5, 2, 1, respectively. 
 
 
Table XIV: Patterns Used by Subjects in Each Task 
 
Pattern Number 
Task 1 Task 2 Task 3 Task 4 
7 7 7 7 
7 7 1 2 
3 7 5 2 
2 5 1 3 
3 3 4 2 
6 5 4 5 
6 5 6 3 
4 5 5 5 
2 1 3 5 
3 3 1 2 
1 3 5 5 
2 2 6 2 
1 2 2 5 
5 3 3 3 
7 2 7 1 
7 7 2 5 
3 3 1 2 
3 1 2 5 
1 7 5 2 
3 3 5 5 
 

